The applications of elastic and quasi elastic light scattering techniques to polymers in dilute solution, thermotropic liquid crystals and biological membrane vesicles are presented. It is focused on how we extract specific structural features or dynamic processes of these condensed medium samples through the light scattering methods. The paper reviews the light scattering studies that were carried out at the author's laboratory in Wisconsin from 1973Wisconsin from until 1980 
Introduction
With the advent of the dynamic light scattering method and the attendant detection techniques, [1] [2] [3] [4] [5] , we are now able to expand the application of light scattering methods to a variety of diverse condensed medium systems hitherto unexplored. In this paper, I will outline the kinds of light scattering methods that we use in my laboratory at Wisconsin to probe the structure and dynamics of polymers, nematic liquid crystals, and biological membranes. Four scattering techniques shall first be described with appropriate examples in each case, and then I will move on to the studies of (a) amphoteric latex system, (b) photo-receptor disk membrane vesicles, (c) binary nematic solution, and (d) intrachain dynamics of random coil polymers, in order to bring home the power and limitation of various light scattering techniques. At the outset I must emphasize that this paper is not intended as an exhaustive review of the state-ofthe art of light scattering methods, but rather as a report of how one academic research laboratory uses these methods to explore diverse problems of jnterest.
Elastic Light Scattering
Extensive treatises have been written on the subject such that I need not dwell on the historic oven'iew or lengthy explication of the technique. Instead, I will focus on a rather I Figures in brackets indicate literature references at the end of thi~ paper.
narrowly defined problem of how to determine the linear dimension of scattering particles with substantial symmetry in shape, particularly when the linear dimension R is comparable to the incident wavelength A. The problem of this kind arises for example in trying to determine the large radius of gyration [9] of T even bacteriophage DNA whose molecular weights are on the order of 10 8 daltons. If one tries to effect the customary procedure of the Zimm plot [10] to extract the radius of gyration, the scattering intensity profile must be obtained at such small angles that one encounters substantial technical problems [9] . By small angle scattering, I mean that one must obtain the data in the Guinier region, [11] i.e., QR ~ 1 where Q is the momentum transfer. We propose a new scheme to determine the linear dimension R when the scattering particles are so large that QR ~ 1 is difficult to attain experimentally. The method is to focus on the structure of scattering profile at higher angles where the Bragg condition is fulfilled, i.e., QR = mhr where m is an integral multiple constant. To be more specific, I quote some simple examples such as solid sphere, hollow sphere, spheroidal shape of either oblate or prolate axial ratio, and the corresponding shell structures. The isotropic parts of the particle form factor in the limit of Rayleigh-Gans-Debye scattering [12] of some of these are given below.
a. Solid sphere (1) where x == QR, R is the radius and jk(X) is the kth order spherical Bessel function.
b. Hollow sphere [13, 14] 
P«()=[ X3(1 3 _P) (sinx-sinxl-xcosx+xlcosxl)]2 (2)
where x == QR, I == aiR, R and a are respectively the outer and inner radii.
c. Ellipsoids of revolution [15] P«() = ~ 1 2 ,. (5) (6) for oblate shell where x == Qb, y = Qa, q == I -(+)2, and b and a are respectively the semi-major and semi-minor axes such that 0 :5 q :5 1.
J~I2(U) cos(3d(3
(7) (8) for prolate shell where x and yare the same as above, a and b are respectively the semi-major and semi-minor axes, and p == (alb'f -1 such that 0 :5 P :5 <Xl.
As an illustration of the proposed method, we take the simplest structure, i.e., sphere, and ~how how the Bragg condition is extracted from which the radius of sphere is deduced. The isotropic particle form factor of sphere in the Rayleigh-Gans-Debye limit is given by the square of the sum of the zeroth and second order spherical Bessel function as in eq (1) , and its structure is a monotonically decreasing function from unity at zero scattering angle to x = tanx where it gives the first minimum. This is illustrated in figure 1 where a semi-logarithmic plot of the particle form factor P(() versus sine of one-half of the scattering angle () is given for spherical particles having the radii of 100, 110, 120, and 130 nm suspended in water and scattered by incident blue light of 436 nm in wavelength. It is clear from the plots that under these conditions the radius must exceed 120 nm for P(() to give the first minimum; P(() is fairly structureless for the radius less than 120 nm. If, on the other hand, we plot (QR),'P(() against sin«()12), the graphs as shown in figure 2 result. This arises because the damping profile of
Rayleigh Scattering for Isotropic Sphere
Sin (9/2) FIGURE 1. The isotropic part of the particle form factor p(x) of Rayleigh-Gans-Debye scattering from solid, isotropic spheres against sin (0/2) for the radius of 100, 110, 120 and 130nm, with the incident wavelength of 436 nm (blue) in a medium with the refractive index n of 1.33 (water). Note P (8) in eq (1) is compensated by the factor (QR)4. Thus, the monotonic descrease of P(8) for small particles is rendered to have a maximum by multiplying by (QR)4. Algebraically this is easily seen from eq (1);
where x == QR = 4~n sin(O/2). R and the extrema positions of P(O) appear at and tanx = __ x_ for maxima 1-,x2
The plots in figure 2 are drawn for the common experimental scattering conditions in mind, namely the scattering angle spans from 30° to 150°. Experimentally the ordinate scale is immaterial to the extent that one is interested in determining the extrema positions to extract the particle radius. For completeness sake, we show in figures 3 and 4 the analogous set of plots for spherical particles with longer radii as though they could be analyzed by the RayleighGans-Debye approximation, whereas its applicability is limited [8] in this size range, and P(O) itself contains sufficient structure that x4 P(O) plot affords at best sharper maxima and smoother minima. I shall later return to the limit of applicability of Rayleigh-Gans-Debye scattering relative to the particle size. We display in figure 5 why the factor x4 is chosen as the multiplication factor to P(O) in order to moderate its damping at higher angles. For a given radius of a particle, we show three profiles whereby it is made clear that a factor ,x2 does not reduce the damping sufficiently, 
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whereas a factor x 6 overcompensates the damping. The optimum is clearly the x4 factor.
Turning to the experimental verification of the proposed method, [16] , we show in figure 6 a plot of I",,(O)·sin 4 (O/2) versus sin(O/2) for a polystyrene latex standard (Polysciences, Lot 2-1435), whose radius is given as 87 ± 4 nm determined by transmission electron microscope, suspended in distilled water. Here, the subscripts vv of the scattered intensity stand for the polarized scattering, namely the polarizer and analyzer are both oriented vertically relative to the scattering plane. We should note that the ordinate scale is arbitrary and x4P(O) is proportional to I",, (O) .sin4(O/2), since P(O) is the isotropic part of the particle form factor. The data points were taken at 1 ° increments and the solid curve was drawn according to eq (9) with Ao = 436, n = 1.333, R = 80 nm. The discrepancy of 10 percent between the radius of 87 nm by electron microscopy and that of 80 nm by this method may be ascribed to a number of artifacts arising from electron beam optics in the electron microscopy technique. In figure 7 , we show a test of another polystyrene latex standard (Polysciences, Lot 2380), having the radius of 139 nm again determined by electronic microscopy. Two curves are drawn for comparison. The first (solid curve) is that predicted by the Mie scattering function with R = 136 nm and the other (dashed curve) is that predicted by eq (9) with the same R. In the Mie function fitting, we use the refractive index ratio m of the particle to medium as 1.21 [17] . In the inset, the scattering profiles at different concentrations of the latex particles are shown where the concentration range of the most (a) to the least (d)
Polysciences Latex Std.
.6 . 8 . here is observed with the incident and scattered beams vertically polarized relati,"e to the scattering plane. The ordinate is scaled in arbitrary units, and the solid curve represents the Rayleigh-Gans-Debye scattering function for an isotropic solid sphere with 80 nm raduis.
.,~
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'3i'i'9 / 2: concentrated is about one order of magnitude. It shows well that the scattering profiles are weakly dependent on the concentration, and we could have deduced the radius of 130 nm from the most concentrated case (a) shown in the inset. The least concentrated case (d) is expanded in the plot of figure 7 . Ignoring the matching with the entire scattering profile but focusing on the maximum and minimum positions inferred from eq (9) for the Rayleigh-Gans-Debye scattering, we would have deduced the radius of 144 nm. Thus for this size particle, either scattering function would have sufficed if the radius determination within 4 percent is acceptable. It should however be noted that the discrepancy of the radius determinations by the two scattering functions exceeds the precision limit of extrema position determination in this size range.
Having thus established that our proposed method works for the radius determination of a spherical particle of R s 140 nm suspended in aqueous media, we now turn to the applicability limit of Rayleigh-Gans-Debye scattering and when one must use the Mie scattering function. In order to stipulate the applicability limit, we compare the extrema positions predicted from eq (9) close to unity, the error with respect to the particle size is sensibly constant though with a slight increase with ex in each m. Hence, one should not approximate with impunity the scattering of small particles by the Rayleigh scattering function regardless of the refractive index ratio m. In closing this subject, let me emphasize that the spherical particle size analysis can be effected by determinations of the extrema positions of sin4(O/2}/(O} profiles and these are provided by analytical solutions of in the case of Rayleigh-Gans-Debye scattering whereas they must be evaluated numerically in the case of Mie scattering. Because the method depends on the structure of scattering function at high Q, it is restricted to monodisperse systems and extrapolation to infinite dilution is not an essential step in the procedure provided the scattering suspension is dilute enough.
Quasielastic Light Scattering
Here, we restrict our discussion to the thermally induced, spontaneous concentration fluctuations whereby the translational diffusion coefficient of the scattering particles at infinite dilution is deduced. The homo dyne power spectrum [1] S(Q,v} of the Doppler broadened scattering from a monodisperse system of particles is (10) where A is an optical constant which depends on the intensity factor of the spectrum, B is a constant, a measure of
shot-noise level and the spectral half-width at half-height AVlh is related to the translational diffusion coefficient D by (11) Our instrument [18] is schematically depicted in a block diagram in figure 10 . A typical power spectrum obtained from a Dow Polystyrene Latex standard suspension (45.4 nm radius) is shown in figure II and the corresponding spectral halfwidth against Q 2 17r is displayed in figure 12 where the scattering angle spans the range 10°-100°. The diffusion coefficient deduced via eq (1 I) is (5.39 ± 0.04) X 1O-8 cm 2 /s which is in turn converted to the Stokes radius of 45.5 ±0.4 nm. Progression of the SIN ratio of the observed power spectrum with the number of accumulations is shown in figure 13 .
Electrophoretic Light Scattering
The technique was first developed by Ware and Flygare in 1971 [19] and subsequently by Uzgiris in 1972, [20] and it has since undergone substantial refinements [21] [22] [23] [24] [25] [26] [27] [28] [29] . The advantages that it offers over the conventional electrophoresis methods have now been well-documented in the literature [25, 27] . As with any new technique, this one also had to first be calibrated against those of more conventional methods with the use of a test system. Ware and Flygare chose bovine serum albumin (BSA) for the purpose because it was one of the best characterized globular proteins and commercially available in a relatively pure form. Others have subsequently chosen BSA for the same reason to calibrate their instruments [28] [29] [30] [31] [32] . The method is no more than another application of laser velocimetry. A monodisperse system of charged particles in dilute solution under the influence of an applied electric field would drift uniformly to the oppositely charged electrode. The diffusion equation governing this situation [4] in terms of the self part of the space-time autocorrelation function Gs(R,t) is with the initial condition
where Vd is the uniform drift velocity, D the translational diffusion coefficient of particle and O(R) is the Dirac delta function. Upon taking the space Fourier transforms of the above, we have with
The solution of eq (14) with the initial condition, eq (15) , is The power spectrum of heterodyne beating from a system of charged particles governed by eq (16) is a Doppler shifted Lorentzian whose shifted angular frequency .1ws is given by (17) Our scattering geometry is represented in figure 14 . In order to effect heterodyne beating, the scattering angle has to be fairly small (2°_8°) so as to make use of cell surface reflected light as the local oscillator component. [19, 21] and Mohan et al. [28] by electrophoretic light scattering and those by Schlessinger [30] , Alberty [31] , and Longsworth and Jacobsen [32] with the moving boundary method, we have set out to examine the discrepanices [33] . The purpose was to test the accuracy attainable by this technique vis-a-vis that of a more conventional method. In so doing, we have not only found the mobility by this technique to be in complete accord with those of the moving boundary method but also established that the BSA mobility depends on the ionic strength of the suspending medium according to Henry's formulation [34, 35] . The latter finding is neither without parallel nor unexpected [36] [37] [38] , but the ease of the experiment to confirm it points to the utility and power of the te~hnique. At the same time, our experiment, which covers a wide range of ionic strength, points to certain limitations and the complementary nature of the technique with more conventional methods.
The discrepancies referred to above were entirely due to the sample polydispersity and had little bearing on the veracity of the electrophoretic light scattering technique. This was confirmed by examining the two sets of samples. First is the so-called Fraction V of Armour (Lot A21505) which was used by Ware and Flygare as well as by all others with the moving boundary method, and the other is the BSA Monomer Standard of Pentex brand from Miles Laboratories. Polyacrylamide gel electrophoresis patterns of the two are compared in figure 15 . In figure 16 , we display how well the shifted frequency depends linearly on the product ((). BSA
where QE is the net charge of the electrokinetic unit, TJ the viscosity of the medium, R the radius of the unit, X-I is the Debye screeriing length, and j(xR), which accounts for the ionic strength dependent charge screening, is given by
where the integral in the last term is the exponential integral E1(xR) [39] . Longsworth and Jacobsen, (~) Ware and Flygare [20] and (A) Ware and Flygare22 and (0) Mohan et al. [29] not surprising that they belong to the lower set and are consistent with ours. The results in figure 17 represent the first instance, to the best of our knowledge, of a systematic study of BSA mobility dependence on ionic strength at a given pH. It is clear that Henry's equation can well account for the ionic strength dependence of electrophoretic mobility.
Forward Depolarized Scattering (FDS)
The technique was first proposed and utilized by Wada and coworkers in 1969-70 [41, 42] for the determination of the rotatory diffusion coefficient of a rod-like molecule, i.e., tobacco mosaic virus. A further refinement was reported by Schurr and Schmitz in 1973 with the same system [43] and an extension to calf-thymus DNA followed [44] . I will illustrate the technique with use of an example, namely the intrachain dynamics of linear flexible macromolecules in dilute solution. A theoretical formulation of the spectral profile of a scattered optical field is provided by Ono and Okano. We have slightly generalized the scheme by concluding that the FDS spectrum is a superposition of uniformly weighted multiple Lorentzian as long as there exists the normal coordinate transformation for the intramolecular chain dynamic modes [45] .
NEUTRAL DENSITY FILTER
A model of dilute polymer solution is composed of optically isotropic solvent and linear flexible chains, each of which is constituted of n + I anisotropic elements with cylindrical symmetry. The FDS spectral profile is formally given by /Vh (w)=B(NIV) J~oo < to ;to a.!;' (T) alP (0) > e-;wTdT (20) where B is an optical constant, (N IV) is the number density of polymer molecules within the scattering volume, the sub- where T is the relaxation time of rotatory diffusion of the rod. The optical train of our apparatus [46] is shown in figure  IS , and an example of Sol (0, v) for a dilute solution of poly(n-hexyl isocyanate), a rigid rod chain of 3500 A in length, is given in figure 19 . The four light scattering techniques that we employ to study a variety of scattering systems are summarized above. Before leaving this section, I note parenthetically that our data acquisition and analysis system makes use of a minicomputer (PDPS/e) and a set of two microprocessor computers (Apple II) interacting with a Harris/7 system. This is shown schematically in figure 20 where only the part dealing with computer controlled automatic goniometer on SO FICA light scattering photometer is yet to be implemented while all others are now in operation.
-------------------------------------------------------------------
-
Systems
Turning to the four systems that were studied by one or more of the above techniques, table I summarizes what we were able to learn about these systems by the Hght scattering methods. For the sake of brevity, I will not discuss all of them in the same detail but rather highlight some selected aspects of some of them. 
a. Amphoteric Latex Particles
Monodisperse latex particles have been utilized in a wide variety of fields including immunochemical assays [47, 4S] and biomembrane studies [49] in addition to their more conventional applications as the markers and calibration standards in microscopy and light scattering and as the model colloids [50] . Our interest coincides with the last instance where an amphoteric latex system with the well-defined number of charges can be invoked as a model for globular proteins and biomembrane vesicles relative to the ionization behavior of their surface groups. Recently, Homola and James [51] were able to prepare an amphoteric latex system without any added surfactants which now meets the requirement of a well-defined charge number. The latex particles consist of three monomers, styrene (S), methacrylic acid (MA), and N,N-diethylaminoethyl methacrylate (DEAM), emulsion polymerized with persulfate at 70°C.
We were mainly interested in whether there exists any size change at different pH [52] . One of the transmission electron micrographs taken of the samples is shown in figure 21 which makes it evident that the sample has a relatively homogeneous size distribution. Results of the conductometric and potentiometric titrations, as shown in figure 22 , give clear evidence that the latex particles are indeed amphoteric in nature and the titration valences at the extreme pH of 3 and 11 are fairly symmetric at about 6 X lOS electronic charges per particle. This was deduced from the titration results and the size determination, which was performed by elastic light scattering according to the method " ............................. . .... .. -. 
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. .. (9), at nominal pH of 3, 7 and 11, all at the same ionic strength of I mM. We display in figure 26 all the radius data so obtained at different pH from 3 to II at the same ionic strength. It is evident that there is a symmetric size change with respect to pH and the point of minimum radius at around pH 7 coincides with the isoelectric point determined by titration. The Stokes radii obtained by quasielastic light scattering agree with those in figures 23 and 25, 125 ±3 nm and 123 ±3 nm respectively at pH 3 and 11, while that of 118 ±2 nm at pH 7 does not agree with the radius in figure 24 , 112 ±2 nm. Collecting all these results, we propose a model as depicted schematically in figure 27 . It consists of hydrophobic core mainly constituted of styrene monomer and of hydrophilic shell made predominantly of ionic comonomers, MA and DEAM. The observed size change is then attributed to the chain expansion in the shell layer due to electrostatic repulsive interactions while the core remains relatively intact with respect to pH changes in the suspending medium. What remains uncertain however is the difference between the Stokes radius and that determined by elastic light scattering at pH 7. Whether the difference could be attributed to the thickening of the hydration layer at the isoelectric point must be examined by another technique such as NMR. Before closing I must remark that one could raise the issue of whether our scheme of size determination is indeed probing the outer radius of swollen latex particles as contrasted to some iII-defined average of the inner and outer radii. After performing a set of simulation studies with concentric spheres having different segment densities in the shell volume relative to that in the core, we are convinced that our method is likely to underestimate the outer radius ---::: in the swollen state. Hence the latex particle dilation could easily be larger than what we report here. Unambiguous confirmation of the concentric sphere model is not possible with light scatterings alone. It might be possible to employ small angle neutron scattering [53] with perdeuterated core (with ful1y deuterated styrene monomer) and an appropriate D 2 0IH 2 0 mixture to contrast match the core and solvent such that the scattering due to the shell volume can be accentuated, whereby we could indeed measure the shell thickness dilation with pH.
b. Photoreceptor Disk Membrane Vesicles
The vertebrate visual process involves complex sequences of events in transducing photochemical energy to electrical energy [54] [55] [56] . A vast literature exists concerning the role of the visual pigment membrane in this process [57, 58] . Our goal has been to isolate disk membranes from vertebrate rod outer segment (ROS) as intact as possible [59] and focus on their static and dynamic structure relative to the photoreceptor function. I shaIl now discuss what we have learned about these membranes by isolating the disk membranes from ROS, swelling them into vesicles in hypotonic media and examining them in dilute suspensions by quasi elastic and elastic light scatterings.
A typical homodyne power spectrum is shown in figure 28 and the spectral halfwidths obtained at different scattering angles are displayed in figure 29 . From these, we deduced the Stokes radius of 0.51 ± 0.05 p.m. If the vesicles were spherical in shape, then modelling them as spherical shells was quite reasonable because the bilayer thickness [60] of about 75 nm was negligibly small compared to 500 nm for the Stokes radius. Analogous to eq (9), one obtains from Eqs r-_~~ . . . . . . . . . . .--..,.........,.....,.........,....,;:.;10=--___ ~..--,_ ........ ...-,.......,.......-41~00 view of the agreement between the results of quasielastic A and elastic light scattering, we take the spherical shell model for the vesicles to be valid in this particular suspending medium [61, 62] . 
Rw w where R. is the weight average radius. Upon changing the osmotic pressure of the suspending medium by an impermeable second solute, e.g., sucrose, we observe that the vesicles deform by deswelling, which is caused by the chemical potential gradient of the principal permeable component, namely H 2 0. From the osmotic deformation behavior of the vesicles we were able to estimate the lateral compressive modulus of the membrane bilayer [63] . This turned out to be around 3 X 10 3 Pa. Since the membrane vesicles respond to the chemical potential gradient of water across the bilayer, their deformation behavior can be used to probe the permeability of ionic components including the hydrogen ion. Elastic light scattering studies of the vesicle shape have shown that the hydrogen ion is completely permeable within the pH range of 6-8 [64] . This is shown in figure 31 where the scattering profile of the spherical shell shape of the vesicles is hardly affected.
The binding of Ca+ 2 on vesicles was then studied by electrophoretic light scattering [65] . The Doppler shift spectra all at 7° scattering angle and 20°C at a constant ionic strength of 1 mM are displayed in figure 32 . The corresponding electrophoretic mobility profile at different Ca+ 2 concentrations is shown in figure 33 where the solid curve is drawn with a two-binding sites model. It can be represented by (24) where r is the number average bound Ca+ 2 per vesicle, ill
and Kl are respectively the number of high affinity, a second order cooperative binding sites and the corresponding binding constant, and n 2 and K2 are the other set of constants for low affinity, a first order non-cooperative binding. By replotting the data in figure 32 , a Scatchard plot shown in figure 34 results, from which we estimate n l = (1.4 ± 0.1) X 1 Q4 and Kl = (7 ± 2) X 10 10 M-2 while n 2 and K2 are subject to a good deal of uncertainty.
c. Binary Nematic Solutions
Here, our interest was focused on exaIhining how the phase behavior [66] and dynamic twist modes [67] were affected by mixing of non-nematogens (biphenyl and benzene) to a thermotropic nematic liquid crystal, methoxy benzylidene butyl-aniline (MBBA). The scattering technique is the FDS method where the director of the nematic system is oriented parallel to the polarization of incident light while that of scattered light is perpendicular to the director axis [68] . Two examples of the FDS power spectra are displayed in Fig 35. With use of the twist viscosity of Gahwiller [69] , we were able to determine the twist elastic constant of pure MBBA as a function of the reduced temperature. This is shown in figure 36 . Incorporating the concentration dependence of a non-nematogen to that of temperature, we could deduce the mapping of the twist diffusivity coefficient over the entire binary nematic phase region. In figure 37 , such a mapping is displayed where the non-nematogen is biphenyl [68] . Fearing that this might have been unique to the biphenyl-MBBA system, benzene-MBBA nematic solution was also examined [70] . The result, as shown in figure  38 , indicates that such a behavior is not restricted to the biphenyl-MBBA system.
--... . Three heterodyne spectra of electrophoretic light scattering, all at 7° scattering angle and 10V peak-to-peak (27V / em) at three different Ca+2 concentrations at I mM ionic strength solution 
d. Intramolecular Chain Dynamics of Isotactic Polystyrene
A typical FDS power spectrum [46] of an isotactic polysty· rene sample (Mw =3.5 X 10 6 , < S2 > 1h = 1270A) in tetrahy· drofuran at 4.0 mg/mL is shown in Fig 39. All spectra were analyzed according to eq (21) with the Zimm spacing [71] of relaxation times up to five relaxation modes. Truncation beyond the 6th mode was called for due to the chosen band· width of 2 kHz whereby the higher modes were obscured by the shot-noise level. Spectral analysis was effected by a 3-parameter fitting routine; the parameters were the spectral intensity, shot-noise level and the terminal relaxation time 71' By fixing the spacing to that of Zimm type, what we extract from the experiment is 7 1 , the slowest relaxation time of internal normal modes. Because all measurements were performed at finite concentrations, we had to extrapolate the data to infinite dilution. This is effected by plotting 71 against relative viscosity 1'/r of polymer solution and extrapolating to ' 17r = 1. Such a plot is shown in figure 40 from which Tl at infinite dilution is determined as (1.2-1.5) X 10-4 sec with an experimental uncertainty of ±30%. The theoretical value of 71 for the polymer sample is 1.5 X 10-4 sec. Within the experimental error the two are in agreement.
Concluding Remarks
It is my hope that the readers of this report would be as excited as I have been about the potentials of light scatter· ing techniques and have some appreciation for what kinds of problems can be tackled. I must again emphasize that this is intended only as a sketchy review of what my students and I have been able to do and not as an up-to-date review of the field. I have cited several excellent reviews in the text. ."'.
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